Abstract: In this study, novel condensed 1,4-dihydropyridines bearing cyclopentanone (1-21) or tetrahydrothiophene-1,1-dioxide ring (22-42) with various ester substituents were synthesized via a modified Hantzsch reaction and their calcium channel modulator activities were investigated on isolated rat ileum and rat thoracic aorta. The introduction of a cyclopentanone ring fused to the 1,4-dihydropyridine nucleus and methyl, ethyl and allyl moieties to the ester group led to more active calcium modulators. were investigated on isolated rat ileum and rat thoracic aorta. The introduction of cyclopentanone ring as fused to the 1,4-dihydropyridine nucleus and methyl, ethyl and allyl moieties to the ester group led to more active calcium modulators.
Introduction
Calcium ions play a critical role in various biological functions such as muscle contraction, release of neurotransmitters and regulation of neuronal excitability [1] . Calcium entry into the cytosol is mediated by different types of calcium channel with distinct physiological roles [2] . L-type channels are confined to cell bodies and regulate contractions in muscle cells.
Calcium channel antagonists block Ca
2+ influx through L-type calcium channels reversibly [3] . 1,4-Dihydropyridines (DHP), of which nifedipine is the prototype, are one of the known class of calcium antagonists, which are frequently used for the treatment of cardiovascular diseases like angina, hypertension and supraventricular tachycardia [4] [5] [6] . in order to elucidate the structure-activity relationships and to enhance calcium-modulating effects [7] . It was reported that active derivatives could be obtained by introducing the DHP structure into condensed ring systems such as hexahydroquinolines, indenopyridines, acridines and furoquinolines [8] [9] [10] [11] . C-3 and C-5 substituents modulate activity and tissue selectivity and different substituents in these positions alter the activity [12] . Studies of fused 1,4-DHPs, in which one of the ester groups is immobilized, indicate that at least one ester group must be cis to the double bond of DHP for hydrogen bonding to the receptor [13] . As 
Alkyl

2-methyl-4-(2,3-disubstitutedphenyl)-5-oxo-4,5,6,7-tetrahydro-1H-cyclopenta[b]pyridine-3-carboxylate (Compound 1-21):
1,3-Cyclopentanedione (0,001 mol), 2,3-disubstituted benzaldehyde (0,001 mol), alkyl acetoacetate (0,001 mol) and ammonium acetate (0,005 mol) were refluxed for 8 h. in 15 mL methanol. After the reaction was completed, either the reaction mixture was poored into icewater, the obtained precipitate was filtered and crystallized from appropriate solvents or the solvent (methanol) was removed via rotary evaporator and the crude product was then purified by column chromatography using silica gel as the solid phase and a 7:3 mixture of ethyl acetate: methanol as mobile phase.
Alkyl 5-methyl-7-(2,3-disubstitutedphenyl)-2,3,4,7-tetrahydrothieno[3,2-b]pyridine-6-carboxylate-1,1-dioxide (Compound 22-42):
Tetrahydrothiophene-3-on-1,1-dioxide (0,001 mol), 2,3-disubstituted benzaldehyde (0,001 mol), alkyl acetoacetate (0,001 mol) and ammonium acetate (0,005 mol) were refluxed for 8
h. in 15 mL methanol. The precipitate, which was obtained after cooling the reaction mixture, was crystallized from methanol.
Pharmacology
The calcium antagonistic activities of the compounds were determined by the tests performed on isolated rat ileum and rat thoracic aorta. All procedures involving animals and their care
were conducted in conformity with international laws and policies.
All data are expressed as mean ± standard error. Statistical comparison between groups was performed using general linear models and p values, less than 0,005, were considered to be statistically significant. 
Studies on isolated rat ileum
Studies on rat thoracic artery
Rat thoracic artery preparations were also obtained from the same animals, which were used for isolated rat ileum experiments. Rings (3 mm) were suspended in organ baths of 10 mL capacity which contained Tyrode solution. The bath contents were maintained a 37 °C and aerated by 95 % O 2 and 5 % CO 2 . A tension of 2 g was applied. The preparations were allowed to equilibrate for 60 min with regular washes every 15 min. In order to check calcium antagonistic effects, contractions were induced with 67 mmol/L potassium chloride.
After washing out, this process was repeated until the amplitude of the contractions became constant. Investigations of the substances were performed using single-dose technique.
Potassium chloride contractions were induced after addition of the test substance and 10 min exposure time. During the administration of the individual substances, the preparation was washed until the initial situation had been re-established and the potassium chloride contractions were induced. The isometric contractions were recorded by an isometric transducer (FDT10-A) May TDA95 Transducer Data Acquisition System [20] . 
Results
Chemistry
Methyl
Pharmacology
Relexant effects of the compounds and nicardipine on isolated rat ileum, on rat thoracic artery and half maximal effective concentration (EC 50 ) of the selected compounds are given in Table 1 and Table 2 , respectively. The structures of the compounds were also confirmed by elemental analysis and the results were within ± 0.4% of theoretical values for all compounds.
The structure of the compound 14 was also confirmed by X-ray analysis [21] . It was founded that, 1,4-DHP ring has very shallow boat conformation, whereas the oxocyclopentene ring is planar and there is an intermolecular N-H ……. O hydrogen bond between the amine group and the carbonyl O atom of the oxoyclopentene ring of a neighbouring molecule. Half maximal effective concentration (EC 50 ) was also calculated for the compounds, which have possessed higher inhibition than 80 % on isolated rat ileum. The results indicated that most of the compounds, which have lower EC 50 value than nicardipine, have again cyclopentanone ring.
Thirty two compounds, which possessed calcium antagonist activity more than 50 % on isolated rat ileum, were also investigated on rat thoracic artery precontracted with potassium chloride (67 mmol/L). It was determined that compound 1, 15, 16, 19, 25, 28 and 39 are relatively active derivatives. The results indicate that 2,3-dichlorophenyl, 2,3-difluorophenyl rings; methyl, ethyl and allyl esters enhance the activity possitively. It was observed again that the compounds having cyclopentanone ring were more active.
When the obtained data are analysed, it can be observed that, most of the active compounds bear cyclopentanone ring fused to the 1,4-DHP ring and methyl, ethyl and allyl moieties in ester groups. While the compounds have high activities on isolated rat ileum, most of them show lower activities on rat thoracic aorta so it has to be emphasized that the synthesized compounds have spasmolytic activity rather than vasodilator activity.
